Abbreviations : PI, phosphatidylinositol; PI 3-P, phosdphatidylinositol 3-phosphate; PI 3,5-P 2 , phosphatidylinositol 3,5-bisphosphate; PI 3,4,5-P 3 , phosphatidylinositol 3,4,5-trisphosphate In Schizosaccharomyces pombe, Pik3p phosphorylates phosphatidylinositol (PI) to produce PI 3-P, which is further phosphorylated by Ste12p to yield PI 3,5-P 2 . Pik3p is required for both conjugation and sporulation. To test which of PI 3-P and PI 3,5-P 2 is required for sporulation, diploid cells defective in production of PI 3,5-P 2 were used. They underwent sporulation almost normally provided that the osmotic pressure of the medium was controlled, suggesting that not PI 3,5-P 2 but PI 3-P was important. Electron microscopic analysis conˆrmed normal sporulation in the absence of PI 3,5-P 2 although the forespore membrane was found to be less dense in these cells.
In Schizosaccharomyces pombe, Pik3p phosphorylates phosphatidylinositol (PI) to produce PI 3-P, which is further phosphorylated by Ste12p to yield PI 3,5-P 2 . Pik3p is required for both conjugation and sporulation. To test which of PI 3-P and PI 3,5-P 2 is required for sporulation, diploid cells defective in production of PI 3,5-P 2 were used. They underwent sporulation almost normally provided that the osmotic pressure of the medium was controlled, suggesting that not PI 3,5-P 2 but PI 3-P was important. Electron microscopic analysis conˆrmed normal sporulation in the absence of PI 3,5-P 2 although the forespore membrane was found to be less dense in these cells.
Key words: Shizosaccharomyces pombe; conjugation; phosphatidylinositol 3-phosphate 5-kinase; vacuolar protein sorting; suppressor mutation PI 3-kinases are the enzymes that phosphorylate the 3? position of phosphoinositides. They are classied into three groups. The classical PI 3-kinases, which phosphorylate PI 4,5-P2 to yield PI 3,4,5-P3, are found only in animal cells and act as signaling molecules.
1) Yeast cells have PI-speciˆc PI 3-kinases, which phosphorylate only PI to produce PI 3-P.
2) In S. pombe, the only PI 3-kinase is coded by the gene pik3 ＋ . 3, 4) Disruption of the pik3 ＋ gene results in sensitivity to various stresses and ine‹cient conjugation and sporulation. 3) We have shown that the growth orientation of the forespore membrane in these cells is abnormal, failing to engulf the nucleus.
2) This results in formation of non-viable spores. The ste12 ＋ gene codes for an only PI 3-P 5-kinase, which yields PI 3,5-P2 from PI 3-P. 5) Disruption of this gene results in the absence of PI 3,5-P2, which can be generated only from PI 3-P. This leads to ine‹cient conjugation, enlargement of vacuoles, and sensitivity to osmotic pressure. 5) Since the production of PI 3,5-P2 depends on the presence of PI 3-P, it was not clear which of PI 3-P and PI 3,5-P2 is required for sporulation. To answer this question, we generated diploid cells devoid of the ste12 ＋ genes by fusion. The yeast strains used in this study are listed in Table  1 . They are the derivatives of those originally described by Leupold. 6) SSA 7) was used for induction of conjugation. When strain YS2 was replated on SSA plates from YPD 7) plates and incubated at 309 C for 3 days, 8) more than 40z of them tended to die, without form- Fig. 1 . Sporulation of Diploid Cells Defective in the ste12 Gene. Diploid strains of wild type (TW747), Dste12 (YS2), and D pik3 (TP3) were cultured on SD plates containing 1.2 M sorbitol overnight and replated onto YPD plates containing 1.2 M sorbitol. The plate surface was completely covered with the cells, so that the nutrient condition for each part of the plate should be even. After incubation for 18 h at 309 C, the cells were transferred onto SSA plates containing 1.2 M sorbitol, to cover the plate surface. This method allowed synchronized sporulation, giving spores in more than 70z of the wild type diploid cells within 12 h. After incubation for 1 day, cells were observed under the microscope. Arrows indicate wrinkled spores formed by the D pik3 cells.
Fig. 2. Electron Microscopic Analysis of Sporulation in Dste12 W
Dste12 Cells. Cells cultured as described in Fig. 1 were mounted on a copper grid to form a thin layer and immersed in liquid propane cooled with liquid nitrogen. The frozen cells were transferred to 2z OsO 4 in aqueous acetone and kept at -809 C for 48 h in a solid CO 2 -acetone bath. The samples were then gradually warmed by being kept at -359 C for 2 h, at 49 C for 2 h, and at room temperature for 2 h. After they were washed with anhydrous acetone three times, the samples were inˆltrated with increasing concentrations of Spurr's resin (ˆnal conc. 100z) in anhydrous acetone. Next, a polymerization reaction was done in capsules at 509 C for 5 h and 609 C for 50 h. Thin sections were cut on a Reichest Ultracut S, and stained with uranyl acetate and lead citrate. The sections were viewed on electron microscopes (JEOL 100CX at 80 kV and JOEL2010 at 100 kV). A, ascus of the D pik3 W D pik3 cell (TP3). B, ascus of the Dste12 W Dste12 cell (YS2). C, forespore membrane of the wild-type cell (TW747). D, forespore membrane of the D pik3 W D pik3 cell (TP3). E, forespore membrane of the Dste12 W Dste12 cell (YS2). N, nucleus; V, vacuole.
ing spores. Given the idea that Dste12 W Dste12 cells were sensitive to low osmotic pressure, 5) we added 1.2 M sorbitol to the YPD and SSA media. The Dste12 W Dste12 cells grew healthily on these plates and about 50z of the cells formed spores on SSA plates although somewhat less e‹ciently than the wild type cells (Fig. 1) . On the other hand, the D pik3 W D pik3 cells (TP3) formed wrinkled spores with the e‹ciency of 23z (Fig. 1) . About 70z of the spores survived after 30z ethanol treatment for 30 min. at 309 C in the Dste12 W Dste12 cells. In contrast, spores of the D pik3 W D pik3 cells did not survive under the same conditions (data not shown). We produced D pik3, Dste12 W D pik3, Dste12 double knockout diploid cells as well. These cells basically had the same phenotype as the D pik3 W D pik3 not to form viable spores, supporting the idea that not PI 3,5-P2 but PI 3-P is the important lipid for sporulation (data not shown). The Dste12 W Dste12 cells grew almost normally but the cells were misshapen by the vacuoles and were sensitive to various stresses. Although 1.2 M sorbitol partially suppresses these defects, the cells will not be completely healthy. The less e‹cient sporulation of the Dste12 W Dste12 cells than the wild type cells may be due to this.
Electron microscopic analysis was also done. As shown in Fig. 2A , the forespore membranes of the D pik3 W D pik3 cells grew disorientated, and did not engulf the nuclei. Sometimes the forespore membrane was branched and did not close, accompanied by the formation of multi-lamellar structures. In contrast, the spores of the Dste12 W Dste12 cells appeared to be normal, although large vacuoles were observed (Fig. 2B) . It has been shown that forespore membranes of the D pik3 W D pik3 cell are less dense than those of wild type cells in electron microscopic analy-sis, probably due to the absence of some unknown materials (Figs. 2C and D) .
2) The forespores membrane of the Dste12 W Dste12 cells was similar to those of the D pik3 W D pik3 cells, suggesting that the less dense forespore membranes in the D pik3 W D pik3 cells could be due to the absence of PI 3,5-P2 (Fig. 2E) . Although less dense, the forespores of Dste12 W Dste12 cells grew in the right orientation. We have noticed that tips of the forespore membranes in the D pik3 W D pik3 cells look fuzzy under electron microscopy (see Fig. 2D ).
2) In contrast, tips of the forespore membranes in the Dste12 W Dste12 cells were as sharp as those of wild-type cells 2) (Figs. 2C and E). Not the materials covering the forespore membranes in a PI 3,5-P 2 dependent manner but the machinery at the tips of the forespore membranes might determine the orientation of the growth. It is possible that the less dense structure of the membranes in the Dste12 W Dste12 cells can contribute to the sensitivity to osmotic pressure.
